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The Mind-Blowing Reality

By 2025, 5 people with paralysis
are controlling devices with their
thoughts

$160B 62 WPM

Global BCI Market Value (2024) Speech Decoded from Brain Signals

Al-powered BClIs are not science fiction—they're transforming lives today.
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FUNDAMENTALS
What is a Brain-Computer Interface?

A Brain-Computer Interface (BCI) creates a direct communication pathway between the brain
and external devices by recording, processing, and translating neural signals into actionable

commands.

Signal Acquisition Signal Processing Output Command
Capture neural activity Al algorithms decode Translated intentions control
through electrodes (invasive patterns from raw neural devices, speech, or

or non-invasive) data movements

"BCls represent technologies designed to communicate with the central
nervous system, providing a direct pathway between thought and action."

— Nature Neuroscience, 2024
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Invasive vs. Non-Invasive BCls

Invasive BCls Non-Invasive BCls
Surgically implanted electrodes External sensors (EEG, fNIRS)
High signal quality & precision Lower risk, easier setup
Direct cortical recording Scalp-based recording
Requires surgical procedure No surgery required

Examples: Neuralink, Blackrock Examples: EMOTIV, OpenBClI, Muse

Neurotech

¢ Both approaches now leverage Al to dramatically improve decoding accuracy
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Why Al is Transforming BCls

Artificial Intelligence has "turbocharged the whole field" of brain-computer interfaces, enabling

capabilities once thought impossible.

Before Al Integration With Al Integration

— Simple linear classifiers Deep learning neural networks
Limited vocabulary decoding 125,000+ word vocabulary
High error rates 9.1% word error rate
Manual feature engineering Automatic feature learning

Slow adaptation Real-time adaptation

3.4 x

Faster speech decoding than previous methods (now approaching natural conversation

speed)
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Al Algorithms Powering BCls

Algorithm Type Application Key Benefit

CNNs (Convolutional Neural Spatial feature extraction from Captures spatial patterns across

Networks) EEG electrodes

LSTMs (Long Short-Term _ Learns time-dependent neural
Temporal sequence modeling _

Memory) dynamics

Handles complex sequential

Transformers Speech & language decoding _ _

relationships
Transfer Learning Cross-subject adaptation Reduces calibration time dramatically
SVMs & Random Forests Motor imagery classification Reliable for binary decisions

"The hybrid CNN+LSTM approach consistently outperforms traditional
methods, enabling more accurate and reliable control of external devices."

— Scientific Reports, July 2025
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Breakthrough: Restoring Speech

A woman who hadn't spoken for 18 years

can now communicate through Al-decoded
thoughts

The Technology

Researchers at UC Berkeley & UCSF developed
a streaming brain-to-voice neuroprosthesis that
synthesizes speech in near-real time using deep
learning models trained on 23,000+ silent

speech attempts.

The Results

Within 1 second of thought, audible speech is
generated. The system decodes not just words,
but tone, pitch, and emotional inflection—

approaching natural conversation.

<1 Second

Latency from thought to synthesized speech (down from 8 seconds)
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RESEARCH FRONTIER
Decoding Inner Speech

Stanford researchers have achieved a breakthrough in decoding "inner speech" —the imagination

of speech in your mind—without any physical movement attempts.

People with paralysis may Microelectrode arrays detect Preventing accidental "thought

communicate through thought neural patterns from imagined leakage" —ensuring only

intended communications are
decoded.

alone, without the fatigue of speech in motor cortex regions —
attempted speech movements. patterns similar to attempted

speech.

"This gives us hope that future systems could restore fluent, rapid and
comfortable speech to people with paralysis via inner speech alone."

— Dr. Frank Willett, Stanford University, August 2025
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Key Players in BCI Innovation

4 Neuralink

Ultra-high-bandwidth implant with thousands of
micro-electrodes. 5 patients now using devices to
control digital systems with thought. FDA
Breakthrough Device Designation for speech
restoration (May 2025).

Precision Neuroscience

Ultra-thin "brain film" electrode array. FDA 510(k)
clearance (April 2025) for up to 30-day

implantation. Minimally invasive approach.

é Synchron

Stentrode delivered via blood vessels—no open
brain surgery. Partnered with Apple and NVIDIA.
Moving toward first commercially scalable
implanted BCI.

»’ Paradromics

High-channel-count Connexus BCI with 421
electrodes. FDA approved clinical trial for speech
restoration (November 2025). Focus on ultra-fast

data transmission.

$650M+

Raised by Neuralink alone | Paradromics: $105M+ in VC + $18M from NIH/DARPA
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EVOLUTION
BCI + Al Timeline: 2023-2025

@ 2023
Neuralink receives FDA clearance for human trials. First high-performance speech neuroprosthesis
achieves 9.1% word error rate on 50-word vocabulary.

@ 2024

First Neuralink human implants. China unveils world's first two-way adaptive BCI with memristor-
based decoder. Synchron demonstrates 12-month safety in 4-patient trial.

® EARLY 2025

Precision's Layer 7 receives FDA 510(k) clearance. Synchron launches "Chiral" cognitive Al
foundation model. Brain-to-voice streaming achieves <1 second latency.

® MID 2025

5 Neuralink patients active. Paradromics completes first-in-human recording. Inner speech
decoding demonstrated at Stanford. FDA Breakthrough Designation for multiple speech BCls.

@ LATE 2025

Columbia's BISC chip streams thoughts in real-time with tens of thousands of electrodes.

Consumer-grade BCI-VR integration advances.
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Medical Applications of Al-BCls

®: Speech Restoration *~ Motor Function Recovery

For ALS, stroke, and cerebral palsy patients. Controlling robotic arms, wheelchairs, and
Decoding attempted or imagined speech into prosthetics. Paralysis patients regaining digital and

synthesized voice at near-natural speed. physical device control.

© Vision Restoration 4 Seizure Control

"Blindsight" devices stimulate visual cortex to Closed-loop systems detect and respond to
provide limited sight. FDA Breakthrough Designation epileptic activity in real-time, potentially preventing

received September 2024. seizures before they occur.

5.4M

Americans living with paralysis who could benefit from BCI technology
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CONSUMER & ENTERPRISE
BCI Applications Beyond Medicine

Gaming & VR Workplace Wellness
Mind-controlled gameplay, Hands-free computing, fatigue Meditation feedback (Muse),
adaptive difficulty based on monitoring, focus optimization. sleep quality tracking, stress
engagement, hands-free VR Cognitive state detection for detection, neurofeedback
navigation. Valve/OpenBCl's safety-critical operations. training for mental health.

Galea integrates EEG with VR

headsets.

Consumer BCIl Landscape

Price Range Primary Use

NeuroSky MindWave $100+ Entry-level research, apps

Muse Headband $250-400 Meditation, wellness

EMOTIV EPOC $500-1,000+ Research, development

OpenBCI Systems $1,000-2,000+ Advanced research, VR integration
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Privacy & Ethical Challenges

& Mental Privacy Il Regulatory Gaps

BCls can decode thoughts, GDPR doesn't explicitly cover

emotions, intentions neural data

Risk of "brain spyware" and Colorado & Minnesota pioneering

malicious algorithms neurodata laws

Potential for unauthorized disclosure Chile integrating "neurorights" into

law
Neural data is uniquely intimate

China issued BCI ethics guidelines
(2024)

Key Ethical Questions

Who owns your neural data—you, the device maker, or researchers?
How do we prevent thought manipulation via "write-in" BCls?

What happens if employers demand BCI monitoring?
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CYBERSECURITY

Neurodata Security Risks

BCls create a

what happens when that link is compromised?

Data Breach Risks

— Neural patterns could reveal
medical conditions

— Emotional states and cognitive
patterns exposed

— Financial or biometric information
inference

— Profiles built from 24/7 brain

activity

Manipulation Risks

Targeted content based on neural
states

Potential for "write-in" thought
implantation

Device hijacking or malfunction

Unauthorized stimulation of brain
regions
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BCIl Market & Investment Trends

$160B 17% $13.9B

Global Invasive BCI Annual Growth Rate
Market (2024) (2024-2035)

Projected Market by
2035

Investment Highlights

Neuralink $650M+

Synchron $200M+
Paradromics $123M+
Precision Neuroscience $100M+

Morgan Stanley values the neurotech industry at $400 billion potential.
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WHAT'S NEXT
The Future of Al-Powered BCls

& Near-Term (2025-2027)

—

Wireless, fully implantable systems

Real-time speech synthesis
becomes standard

First commercially scalable BCls
for paralysis

Consumer VR-BCI integration
matures

Cognitive Al foundation models for
BCls

% Long-Term (2028+)

—, Bidirectional Al-brain
communication

—» Memory enhancement and
cognitive augmentation

— Brain-to-brain communication

experiments

— Integration with AR/VR for
immersive control

— Direct brain-to-Al assistant
interfaces

"The long-term vision extends to brain signals directly querying Al
assistants— ChatGPT-2050 controlled by thought—and AR/VR goggles for

immersive control."

— BCI Industry Analysis, 2025
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Key Challenges to Overcome

Technical Challenges Adoption Barriers

Signal noise and interference in High surgical risks for invasive

complex environments approaches

Individual variability in neural Cost and accessibility limitations

patterns

Regulatory uncertainty across
Long calibration sessions required jurisdictions
Electrode scarring and longevity Public trust and ethical concerns

issues

Need for specialized surgical
Computational costs of real-time Al expertise

processing

Research Priorities

Generalization Longevity Miniaturization
Al models that work across Implants that remain stable Smaller, wireless devices
subjects without extensive and effective for years with greater bandwidth
retraining
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LET'S DISCUSS

What Would You Do
With a BCI?

Questions to Consider:

1. Would you implant a BCI to gain mental superpowers —faster learning,

perfect memory, or instant communication?

2. How much privacy over your thoughts would you trade for enhanced

capabilities?
3. Should employers be allowed to use BCls for productivity monitoring?

4. What safeguards should exist before BCls become mainstream

consumer devices?

- The decisions we make today will shape how humans and Al merge

tomorrow
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Key Takeaways

1. Al Has Supercharged BCls

Deep learning enables real-time speech decoding at 62 words per minute with 9.1% error rates—

approaching natural conversation speed for the first time.

2. Clinical Breakthroughs Are Here

Multiple paralyzed individuals are now controlling devices with thought. Speech restoration, vision

prosthetics, and motor recovery are becoming reality.

3. The Market Is Exploding

$160B market, 17% annual growth, billions in investment. Companies like Neuralink, Synchron, and

Paradromics are racing toward commercial viability.

4. Privacy & Ethics Demand Attention

Neural data is uniquely intimate. Regulations are nascent. We must build safeguards before BCls

become mainstream consumer technology.

5. The Future Is Brain-Al Integration

Direct thought-to-Al communication, cognitive augmentation, and brain-to-brain interfaces are on

the horizon—we're crafting a new human-machine language.
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THANK YOU

The Mind-Machine
Revolution Is Here

Al-powered Brain-Computer Interfaces are transforming how
we treat paralysis, restore communication, and reimagine

human potential.

Connect With Me

JJ Shay

Al Strategy & Business Development
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